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2 INTRODUCTION  
The smart thermostat is a measure in three Dominion Programs: the Smart Thermostat Purchase Program, the 
WeatherSmart Program, and the Smart Thermostat Rewards Program.1 The Smart Thermostat Purchase Program provides 
rebates for the purchase of qualifying smart thermostats. In the WeatherSmart Program, customers are incentivized to allow 
remote optimization of their smart thermostat temperature setpoints and runtimes and provided a monthly report with 
personalized energy saving tips. The Smart Thermostat Rewards Program provides incentives for participating in demand 
response (DR) events that use the functionality of smart thermostats. The Smart Thermostat Rewards Program began 
recruiting participants in March 2021.  

This report summarizes participation in the 2022 Smart Rewards program DR events and the 2022 ex post and ex ante 
impact analyses. It also presents event-hour and event-day results, sample plots showing the hourly progression of two 
events, and the weighting strategy that extrapolates impacts from AMI participants to the full population.  

2.1 Smart thermostats 
Smart thermostats are energy management tools that enable customers to regulate their HVAC energy consumption. Since 
these are programmable devices, customers can schedule the set points of their homes’ cooling and heating systems, so 
they run during periods when customers need them. These devices can also sense occupancy and “learn” to optimize 
temperature settings of the home to further reduce energy consumption. Because they are Wi-Fi-enabled, they allow 
customers to adjust settings from their smart devices for additional energy use control. Smart Thermostat Rewards 
leverages the functionality of smart thermostats to provide residential load curtailment like the recently closed Residential AC 
Cycling Program.  

Demand Response Strategy 
Pre-event cooling 
All the participating thermostat types implement some form of pre-cooling to reduce the internal temperature of the house in 
preparation for the upcoming DR event. This pre-cooling period varies in length and the number of degrees below the 
customer’s pre-set temperature setpoint.  

Event strategy 
At the beginning of an event, the increased setpoint effectively turns off the air conditioner as the household temperature 
rises from the cooler temperature achieved during pre-cooling to the higher event-period setpoint. This temperature change 
can be as much as 5 degrees and can avoid air conditioner load at the house for as long as 2 hours depending on 
household characteristics (insulation, shading, etc.). Once the new setpoint is achieved, cooling action re-commences, but 
the air conditioner draws less power during the event period due to the higher than normal setpoint. In addition to the pre-
cooling functionality, smart thermostats allow the customer to override the event at the thermostat by simply changing the 
existing set point at any time during the event. While this functionality is an important customer selling point for smart 
thermostat DR programs, it also lowers DR impacts to the extent customers override the event-controlled setpoint. 

Smart Thermostats Rewards versus AC Cycling 
Although it closed after the 2022 event season, Dominion operated the Residential AC Cycling Program for 12 years.2 As 
opposed to the pre-cooling event strategy of smart thermostats described above, the AC Cycling and Smart Thermostat 

 
 
1 Participants in the WeatherSmart Program allow the Company to make minor, short-term adjustments to the customer HVAC system via the smart 

thermostat. 
2 The AC Cycling officially closed on December 31, 2022.  
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Rewards programs share a common objective. AC Cycling reduced demand by using a 50% adaptive cycling strategy with 
no pre-cooling. The 50% adaptive cycling strategy produces a different event-based indoor temperature response than the 
smart thermostat pre-cooling strategy and has a different load reduction pattern. Two Smart Thermostats Rewards events 
occurred before the start of the AC Cycling season, but in June, July, and August, the Smart Thermostat Rewards Program 
operated on the same event schedule as AC Cycling. Accordingly, DNV used the same analysis approach to calculate 
impacts for both programs, while accounting for differences in the two reduction strategies and technologies available from 
the smart thermostats. The improved control features embedded in smart thermostats, the ability to implement more 
sophisticated operational strategy, and an improved customer interface has resulted in a doubling of KW impacts of Smart 
Rewards relative to AC Cycling.  
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3 SMART THERMOSTAT REWARDS EVENTS AND CUSTOMER 
PARTICIPATION 

3.1 Frequency 
In 2022, there were 25 events spanning 73 event-hours. There were 2 events in May, 6 in June, 10 in July, and 7 in August. 
Dominion Energy called 2 two-hour events and 23 three-hour events during 2022. No four-hour events were called during 
the 2022 event season. The distribution of event length in 2022 differed somewhat from 2021, which contained 8 two-hour 
events, 13 three-hour events, and 4 four-hour events. The difference in load reduction as a function of consecutive event 
hours is discussed in Section 5.1.  

3.2 Participation  
Program enrollment began in March 2021. 7,387 customers were enrolled in the program during the first event on May 20, 
2022. This is 1.75 times the number that were enrolled in the last event of 2021. The program continued to experience 
strong growth and over the summer grew another 18% to 8,742 participants. 

Program impacts will reflect the mix of participants active on a given event day. This could lead to change in load reduction 
estimates over time as the population changes. As the program grows, typical load reduction could increase; for example, if 
a higher proportion of participants are in high cooling load areas. More likely, the characteristics of participants will not 
change dramatically over time and any trends in load reduction estimates will be obscured by natural variation across events 
caused by weather and short-term customer behavior such as vacations. 

The increase in participants over the event season and the proportion of participants with available AMI data are shown in 
Figure 3-1 The role of AMI data in the analysis is described in Section 4.1, AMI data, and Section 4.2, Methodology.  

Figure 3-1. AMI and non-AMI participants by event 
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4 IMPACT ANALYSIS  

4.1 Smart Thermostat Rewards evaluation data 
Four data sources were used in the impact analysis: AMI whole-house energy consumption data, thermostat event control 
data, Smart Thermostat Rewards tracking data, and weather data. Each is described below. Descriptions and results of the 
data cleaning procedures are provided in APPENDIX A.  

AMI data 
The analysis takes advantage of half-hourly whole-house consumption data collected from the AMI meters of all participating 
AMI-enabled customers. 

The distribution of AMI enabled customers across the Northwest, Central, and Eastern divisions, and in North Carolina is 
shown in Figure 4-1. Roughly 60% of participants have AMI data. This is a dramatic increase from 2021 when the average 
coverage of AMI data across all divisions was 32%. AMI data coverage is important as it forms the basis of the impact 
estimates. AMI-based impact estimates are extrapolated to the division based on both weights developed from these 
participant counts as well as population-level knowledge of customer cooling consumption. This process is discussed further 
in Section 4.2. The sample weights and weighting methodology are included in APPENDIX B.  

Figure 4-1. AMI and non-AMI participants by division (August 30, 2022) 

 

Thermostat event data  
Thermostat event data is the record of controlled participants for each event and is provided by the implementer. Event data 
also includes a record of customers that opted out of a given event.  

Program tracking data 
Program tracking data collected by the implementers and delivered by Dominion is used to link the participant to their 
respective AMI consumption data and division to identify the participant’s location (which is used to assign the appropriate 
weather station), and to confirm that thermostat control records match the Company’s list of active participants. 
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Weather data 
Hourly temperature and humidity data from NOAA is collected at the weather station associated with the Dominion office 
nearest to the household’s service address.3 Data from 10 weather stations were used in the analysis. These stations are 
included in Table 4-1. 

Table 4-1. Weather Stations used in the analysis 

Charlottesville-Albemarle Airport, Virginia 

Elizabeth City Regional Airport, North Carolina 

Farmville Regional Airport, Virginia 

Norfolk International Airport, Virginia 

Richmond International Airport, Virginia 

Roanoke Regional Airport, Virginia 

Rocky Mount-Wilson Regional Airport, North Carolina 

Ronald Reagan Washington National Airport, Virginia 

Shannon Airport, Virginia 

Washington Dulles International Airport, Virginia 

4.2 Methodology 
The following steps are used to calculate demand reduction impacts for the program:  

1. For each account, we determine the optimal degree day base THI (temperature-humidity index) for each account by 
modelling hourly consumption as a function of degree days and hourly dummy variables across a range of possible 
degree day bases.4 We take the degree day base for each account that generates the highest R2 and use this THI to 
calculate degree days. Then, we model hourly consumption as a function of hourly dummy variables, the degree days 
based on the optimal reference temperature, and interaction terms for each hour and degree day. The estimated 
parameters from this regression analysis are used to predict a preliminary estimate of baseline consumption on event 
days for each AMI-enabled account. The regressions used to determine the optimal degree day base and predicted 
baseline consumption are specified in APPENDIX D. 

2. Load reduction is calculated as the difference between the adjusted baseline consumption and actual consumption for 
each event hour for all AMI accounts. Because regressions that are estimated on less extreme non-event days tend to 
underestimate load on more extreme event days, a widely used pre-event adjustment is applied to estimated load at the 
customer/event level. The difference between actual consumption and the predicted baseline consumption during the 
third hourly interval prior to an event is added to the two-hour pre-event period and the event period. This adjusts the 
predicted baseline upward or downward to account for underestimation or overestimation of consumption on the 
afternoon of an event day. The difference during the third hour interval prior to an event was selected because it occurs 
prior to pre-cooling. If the adjustment were calculated using intervals during pre-cooling, load would be adjusted above 
the level that would have occurred in the absence of the program.  

3. The AMI sample used for this analysis is large but not selected at random. The geographic build-out of the AMI system 
determines which customers have AMI meters and available hourly data. The sample is stratified at the division level to 
make sure each region gets proper representation regardless of number of AMI meters in a given division. As with the 
aggregation of any stratified sample, weights are required to reflect the presence of the population in the sample. 

 
 
3 National Oceanic and Atmospheric Association (NOAA), National Centers for Environmental Information, Climate Data Online. Dominion Energy’s 

peak planning condition is hour-ending 17 at 95°F at 43% RH, or 83.4 THI. 
4 Temperature Humidity Index = THI = Td – (0.55 – 0.55*RH) * (Td – 58) where Td is dry bulb temperature and RH is relative humidity. Source: PJM 

Glossary: http://www.pjm.com/Glossary.aspx 
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Sample weights are calculated for each event by dividing the number of participants in the event logs by the number of 
participants with AMI consumption data for each division and event date. APPENDIX B contains a description of the 
weighting method and final weights.  

4. Ex post impacts describe what happened during an event-hour and over each event. The load reduction for each AMI 
account is extrapolated to the full program population using the sample weights described above and a ratio estimation 
method that leverages the 2021 cooling consumption available for the full population of customers. Incorporating 2021 
cooling consumption into the estimation method addresses possible differences in cooling system size between the 
sample and the population and decreases the standard errors of the load reduction estimate. The results are the 
calculated ex post impact for all event hours. The results of the ex post analysis are provided in Section 5.1 and 
APPENDIX C. 

5. The ex post estimates are then incorporated in a linear regression model for each event hour to produce the ex ante 
impacts that are used to estimate the program impacts at the Company’s peak planning conditions. The ex ante results 
are provided in Section 5.3. Ex post estimates are modelled using weighted actual THI and when feasible, a dummy 
variable for the event interval and an interaction term between weighted actual THI and the event interval dummy 
variable because the hourly ex post estimates are impacted by the event start time and weather conditions. The HE 
(hour-ending) 17 ex ante model contains a dummy variable equal to 1 if HE 17 was the first interval during the event 
and 0 if HE 17 was the second or third interval, and an interaction term where this dummy variable is multiplied by the 
actual weighted THI. Including the dummy variable and the interaction term allows for the intercept and the slope of the 
ex ante line to differ between HE 17 intervals that are the first interval of the event and those that are the second or third 
interval of the event. The HE 18 ex ante model contains weighted actual THI, a dummy variable if HE 18 is the second 
hour of the event, and an interaction term multiplying this dummy variable by the weighted actual THI. Event interval 
dummy variables and interaction terms were not included in the HE 16 or HE 19 ex ante models because all but two HE 
16 intervals were the first interval of the event and all HE 19 intervals were the third interval of the event. The ex ante 
regression model equations are specified in APPENDIX D.  

Potential influence of a staggered event start time on program impacts 
 Section 5.4 reviews how the per-participant KW reduction of staggering the event start time for some participants would 
differ from events started at the same times for all participants. The pre-cooling increase in load, load reduction during the 
event, and increase in load during post-event rebound are estimated for 15:00–18:00 and 16:00–19:00 events and averaged 
to approximate a 15:00–18:00 event and staggered 16:00–19:00 event start for a portion of participants. 15:00–18:00 and 
16:00–19:00 events are used because they were the most common event schedules during the 2022 season. Pre-cooling 
and rebound are modelled as a function of weighted actual THI (like the ex ante load reduction models described above).  

To generate a THI profile typical of an event during 2022, we average the actual THI experienced by participants for each 
hour during the event days. This hourly THI is used in the pre-cooling models, the ex ante KW reduction models, and the 
recovery models to estimate pre-cooling, load reduction impacts, and rebound for each hour associated with 15:00-18:00 
and 16:00-19:00 events. To approximate the per-participant results for staggered event scenarios, weighted averages of 
hourly per-participant impacts are calculated for 1) 75% of participants in 15:00–18:00 event and 25% in 16:00–19:00 event, 
2) 50% in 15:00–18:00, 50% in 16:00–19:00, and 3) 25% in 15:00–18:00 event and 75% in 16:00–19:00 event. The results 
of this comparison are presented in Section 5.4 and are clearly visible in Figure 5-2. 
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temperature reaches and then stays at the higher temperature. Both processes contribute to the decrease in load reduction 
as the event proceeds, causing the dramatic and consistent pattern illustrated here. 

Figure 5-2. Estimated load reduction by the order of event-hour for all events 

 

 

Table 5-1 displays the average ex post load reduction during the event for the four event schedules called during the 2022 
season: 14:00–17:00, 15:00–18:00, 16:00–18:00, and 16:00–19:00. This table illustrates the relationship between the event 
start time and ex post impact during the program design hour HE 17, 16:00–17:00 (surrounded by bolded borders in the 
table). Load reduction during the program design hour is greatest for 16:00–18:00 and 16:00–19:00 events where HE 17 is 
the first hour of the event. 15:00–18:00 and 14:00–17:00 events where HE 17 is the second and third hour respectively have 
lower load reduction during the program design hour.  

The negative values in the table represent an increase in load due to pre-cooling for the hour prior to the start of the event. 
The pre-cooling load increase and the interval with highest load reduction occur in consecutive hours which poses 
challenges for scheduling the event. If the first hour of the event aligns with the daily peak, the program produces sizable 
load reductions from participants. However, if the peak occurs one hour earlier and coincides with pre-cooling, program 
participants would experience an increase in load during that daily peak hour. Pre-cooling enables the sizable load reduction 
during the first event hour but can potentially increase load during the peak hour if not timed correctly.  

Table 5-1. Average Ex Post Load reduction by interval for each event schedule 

Event Hour Start 14:00 
End 17:00 

Start 15:00 
End 18:00 

Start 16:00 
End 18:00 

Start 16:00 
End 19:00 

HE 14 (13:00–14:00) -0.49    
HE 15 (14:00–15:00) 1.14 -0.48   
HE 16 (15:00–16:00) 0.85 1.15 -0.35  -0.55  
HE 17 (16:00–17:00) 0.65 0.80 1.13 1.02 
HE 18 (17:00–18:00)   0.55 0.73 0.67 
HE 19 (18:00–19:00)     0.45 
Number of Events during 2022 season 2 12 2 9 

 

Ex post impacts by day and hour are detailed in APPENDIX C. Also shown are the number of participants, the opt-out 
percentage, the weighted average THI, the maximum daily temperature for Richmond, and a day number indicating the 
event’s order for consecutive event days.  
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5.2.1 Event load profile with a high impact 
Figure 5-3 shows a high-average-impact event that occurred on August 9, 2022 (0.90 KW). Pre-cooling begins at 14:00 and 
can be seen by the sharp increase in load for HE 15. The event begins at 15:00. Load reduction is estimated as the 
difference between the adjusted baseline (red) and the actual power consumption (blue) at HE 16, 17, and 18. The baseline 
consumption prior to the event is slightly above 2.5 KW and the THI during the first event hour is 84.3. By contrast, THI is 79 
for the low-impact event shown in Figure 5-4. Load reduction in the first hour is 1.28 KW, and by the third hour has dropped 
to 0.56 KW. 

Figure 5-3. Load profile for an event day with high impacts (August 9, 2022) 
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5.2.2 Event load profile with a low Impact 
The second-lowest average impact (0.59 KW) occurred on June 30, 2022 and is shown in Figure 5-4. This event had the 
lowest weighted THI during the first event hour (78) and the second-lowest average event THI (78). Pre-cooling begins at 
HE 15 and can be seen by the sharp increase in load for HE 16. Baseline consumption prior to the event is approximately 
2.26 KW (compared to 2.5 KW for the high-impact event shown above). The event begins at 16:00 and load reduction is 
visible for HE 17, 18, and 19. Load reduction in the first hour is 0.85 KW (vs 1.28 in the high-impact event), and by the third 
hour has dropped to 0.37 (vs. 0.56 KW). 

Figure 5-4. Load profile for an event day with low impacts (June 30, 2022) 

 

 

5.3 Ex ante impacts  
Ex ante impacts are the predicted KW load reduction used to define peak load planning conditions and to determine load 
reduction potential, and are generally considered at pre-defined times, temperatures, and humidity conditions. For Dominion 
this is 83.4 THI during HE 17. Figure 5-5 displays the ex post estimates for HE 17 as color-coded dots. The light blue dots 
identify HE 17 as the first event hour while the green dots identify HE 17 as the second or third event hour. The ex ante 
models results are depicted as dashed lines and similarly, blue depicts the ex ante model for first-hour HE 17 and green for 
non-first hour HE 17. Relative to the non-first hour, HE 17 ex ante impact trend in green, the first hour HE 17 ex ante impact 
trend in blue is greater in magnitude across all THIs and exhibits a greater response to the increase in THI. 
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Figure 5-5. Ex post estimates (points) and predicted ex ante KW impacts (lines) for HE 17 

 

 

Table 5-2 displays the ex ante predicted load reduction for non-first hour HE 17 (left column) and first hour HE 17 (right 
column) for THIs 76 to 88. The predicted load reduction at 83.4 THI is 0.78 KW for non-first hour HE 17 and 1.14 KW for first 
hour HE 17 (see bolded row in Table 5-2). To generate a single ex ante estimate, we weight these two estimates based on 
the frequency of each HE 17 interval type during the 2022 event season. 11 of the 25 HE 17 intervals during the 2022 
season were the first event hour. The remaining 14 were non-first hour impacts. The resulting ex ante impact of the Smart 
Thermostat Rewards Program for the Company’s peak planning conditions was 0.94 KW. It is valuable for Dominion Energy 
to test program performance across event start times and event durations as it has this effect of lowering the ex ante value. 
Dominion could also choose to begin each event at 16:00 and the ex ante value would be approximately 1.14 KW as the first 
hour ex ante results indicate. 

Table 5-2. 2022 HE 17 Ex ante per participant impacts by THI 

THI HE 17 Not First 
Event Hour 

HE 17 First 
Event Hour 

76 0.77 0.87 

77 0.77 0.91 

78 0.77 0.94 

79 0.78 0.98 

80 0.78 1.02 

81 0.78 1.05 

82 0.78 1.09 

83 0.78 1.13 

83.4 0.78 1.14 

84 0.78 1.17 

85 0.78 1.20 
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THI HE 17 Not First 
Event Hour 

HE 17 First 
Event Hour 

86 0.78 1.24 

87 0.78 1.28 

88 0.78 1.31 

 

We have focused so far on HE 17, but the daily system peak may occur during other hours. In 2022, only one of the five 
PJM Summer Coincident Peaks occurred during HE 17 so it might be of interest to review predicted load reduction for other 
hours. Figure 5-6 displays ex post and ex ante estimates of KW impact for the remaining hours not plotted above (HE 16, 
18, and 19). HE 16 has high predicted ex ante impacts (green) because 12 of the 14 hours are the first interval of the event. 
The HE 18 ex ante estimates from second event hours (medium blue circles) tend to have greater impacts than HE 18 
estimates from third event hours (yellow triangles). HE 19 KW estimates (dark circles) are all the third hour of events and 
have lower predicted impacts. 

Figure 5-6. Ex post estimates (points) and predicted ex ante KW impacts (lines) for HE 16, 18, and 19 

 

The ex ante predicted KW impacts for HE 16 through 19 are displayed below in Table 5-1 for 76 to 88 THI. The HE columns 
are arranged to compare the estimated impacts during a 15:00–18:00 event with impacts during a 16:00–19:00 event. At 
program planning 83.4 THI, the predicted load reduction is greater for HE 16 than the first hour HE 17 of a 16:00–19:00 
event.  

Dominion Energy North Carolina Docket No. E-22, Sub 645


























































































































































































































































































































































































































































































































































































































































































